The otolith morphology, biometry and the relationship between the otolith size and fish length were examined. The weight, length, width, area and perimeter were recorded for each pair of otoliths. The values of form factor (FF), roundness (RD), aspect ratio (AR), circularity (C), rectangularity (R) and elipticity (E) were calculated and the relationships between otolith length (OL) and shape indices were showed with graphics. According to paired t-test results, difference between right and left otoliths was important statistically (P<0.05), except otolith length. It is the first time, the difference of otolith variables were observed not only right and left pairs but also females and males of fish a member of Cyprinidae. While the otolith weight had the lowest coefficient of determination (r 2 ) such as 0.69; 0.59; 0.65, otolith length had the highest 0.80; 0.81; 0.80, for female, male and all specimens, respectively. In addition, SEM images were firstly shown for otoliths of B. tauricus to determine the otolith morphology.
INTRODUCTION
The otoliths are hard calcified structures located in the inner ear of all teleost fishes. There are three pairs of otoliths named as sagitta, asteriscus and lapillus (Das, 1994) . Otoliths show the differences in size and shape. The sagittae are the biggest pair of otoliths, the lapillii are the smallest in most bony fishes; however, in the members of Cypriniformes and Siluriformes the asteriscii are the largest otoliths, and the sagittae are the smallest (Assis, 2003; Campana, 2004) . For the ichthyologist, the otolith is one of the most important tools for understanding the lives of fishes and fish populations (Chilton & Beamish, 1982) . Although the otoliths can be used for different studies such as age determination, estimation of growth parameters, and population dynamics, knowledge of otolith morphology is still very limited. The size, shape, and otolith characteristics vary among from species, and morphological descriptions of otoliths provide information that complements the characterization of some ichthyological taxa (Tuset et al., 2008) . Thus, biologists, including as taxonomists and archaeologists, often rely on the shapes and sizes of preserved or undigested otoliths and some diagnostic bones to reconstruct the species and size composition of diets of piscivorous fauna (Hajkova et al., 2003; Britton & Shepherd, 2005) . By using the relationship between fish length and otolith biometry, it is possible to determine fish length from otolith size or vice versa. This information especially is very useful for analysis of digestive tract contents of predator animals, for it is possible to estimate size and species of prey fishes from otoliths, which are found in digestive tracts such as carnivore fishes, aquatic birds, reptiles and mammals.
The studies of otolith morphology and biometry have recently become important, with the development of image analysis systems. However, these studies on the Turkish freshwater ichthyofauna are quite limited in number. Available literature has revealed the lack of otolith biometryfish length relationship studies on B. tauricus in Turkey. Thus, the purpose of this study was to provide seminal documentation of measurements of otoliths of this species, and relate these measurements to fish length.
MATERIAL AND METHOD
A total of 350 B. tauricus (159 females, 159 males and 32 undetermined sexes) were caught by using shocker and gillnets through June 2010-October 2011 from the lower Melet River, Turkey. Each fish was cleaned from external materials and weighted by Precisa 3100C brand analytical balance with ±1 g sensitiveness, fork length (FL) was measured to the nearest 1 mm by digital caliper.
Asteriscus otolith pairs were removed, cleaned and stored dry before examination. Undamaged and cleaned otolith pairs were weighed to the nearest 0.0001 g on Precisa XB220A brand balance. Each otolith pairs were photographed and otolith length (OL, mm), otolith width (OW, mm), otolith area (A, mm 2 ) and otolith perimeter (P, mm) were measured by using Leica S8APO brand light microscope and computer-connected camera system. 'Leica Application Suit' software was used for all measurements. Otolith length was measured from anterior to posterior axis and otolith width was from dorsal to ventral edge through the otolith focus.
The otolith pairs were attached on a stub by using double-sided carbon tape in order to be easily scanned. The immobilized otoliths, on stub, were covered with 13.5 nm gold. Asteriscus otoliths were analyzed by using SEM (JMS-6060LV brand microscope) at 5.0 KV in a biology laboratory at Gazi University.
The t-test was applied in order to determine the differences between otoliths of females and males. The differences between right and left otoliths were tested by using a paired t-test; right otoliths were used for calculations. All calculations were performed with MINITAB 16.0 software package. The shape indices were calculated using the formulas below according to Tuset et al. (2003) and Lord et al. (2012) to describe shape of otoliths.
The values of form factor (FF), roundness (RD), aspect ratio (AR), circularity (C), rectangularity (R) and elipticity (E) were calculated and the relationships between otolith length (OL) and shape indices were showed with graphics by using right otolith values. Relationships between fork length and otolith weight, otolith length and otolith width were also evaluated depending on linear regression model.
RESULTS AND DISCUSSION
A total of 350 B. tauricus were examined as the population consists of 45.5% females (n= 159), 45.5% males (n= 159) and 9% undetermined sex (32 juvenile samples) of individuals. The ratio of females to males, in the population, was 1:1. The length and weight distributions of population were 6.5-21.3 cm and 4.03-122.83 g, respectively. There was no difference between females and males for mean length and weight values (t test, P>0.05).
350 pairs of otolith were measured (Fig. 1) . The detailed morphology is documented with scanning electron microscope (SEM) and the distal and proximal surfaces of the otolith were shown in Figure 2a and 2b respectively. The SEM images were firstly shown for asteriscus of B. tauricus to determine morphology. The otoliths are very fragile. The general shape of asteriscus otolith of B. tauricus is semicircular shape, which has a convex outer face and its margin is moderate serrations and has a well-defined rostrum and antirostrum. Results of this study indicate that Crimean barbel's otolith limits of lobes are clearly identified. Its sulcus acusticus is round and has a curved terminal end (Fig. 2b) . All otolith measurements were given for B. tauricus in Table I . For all otolith dimensions, right otolith was bigger, comparing to left ones. The differences were found statistically important (P<0.05), except the otolith length value. The length of right and left otolith were estimated as 1.918 mm and 1.903 mm, respectively and the difference was statistically insignificant (P>0.05) ( Table I ).
The right and left otolith of females and males were estimated for 318 individuals. The mean of right otolith weight was heavier than the left one value and right one was taller than left one for females and males. While left otolith width was broader than right otolith for females, right otolith of males was larger than left pair. The right otolith weight values were between 0.0001-0.0021 g and 0.0001-0.0019 g for females and males, respectively. The left otolith weight values were between 0.0001-0.0020 g for females and 0.0001-0.0017 g for males. The area and perimeter values of right and left otolith of females were bigger, comparing to same otolith values of males. These differences between values of females and males were statistically important (P<0.05) ( Table II) .
According to paired t-test results, because of important differences between right and left otolith values (P<0.05), right otolith was used for (Table  III) . FF, RD, AR, C, R and E values were associated with otolith length. When otolith length increased, form factor, roundness and rectangularity values decreased; AR, C and E values increased (Fig. 3) .
The relationships of otolith weight, length and width with fork length were determined using right otolith values for all individuals. The best fit was found for the FL-OL relationship (r 2 =0.80), while the lowest value of the coefficient of determination was calculated for FL-WO relationship (r 2 =0.65) The coefficient of determination value of FL-OW was 0.76. This value was the lowest both females and males for the FL-WO relationship (0.69 and 0.59, respectively) ( Table IV) . Determination of otolith weight is much easier than otolith length and width Table III . Descriptive statistics of six shape indices (form factor-FF; roundness-RD; aspect ratio-AR; circularity-C; rectangularity-R; elipticity-E). (Cardinale et al., 2000; Pino et al., 2004; Gümüs et al., 2007; Bostanci, 2009; Bostanci & Polat, 2011; Keskin, 2013) . However, the linear correlation between total length and otolith length can be stronger than the relationship between total length and otolith weight. For instance, FL-WO relationship (r 2 = 0.651) is lower than FL-OL relationship (r 2 = 0.751) for Engraulis encrasicolus (Zorica et al., 2010) (Skeljo & Ferri, 2012) . In addition, similar results for one of the Cyprinid fish Capoeta banarescui, which is a freshwater fish, were shown that the relationship between total length and otolith weight (r 2 =0.56) is lower than the other relationships between otolith length (r 2 = 0.88) and otolith width (r 2 = 0.83) (Keskin) . The current study was shown similarly the relationship between FL-OL (r 2 = 0.80) is stronger than FL-WO (r 2 = 0.65) for B. tauricus.
There are many studies that determine the otolith biometry and relationships between fish size (Waessle et al., 2003; Gümüs & Kurt, 2009; Battaglia et al., 2010; Keskin; Sadighzadeh et al., 2014) . Sexual differences in relationships between otolith biometry and fish size were identified in this study, which have been reported for many species (Vallisneri et al., 2008; Bostanci et al., 2012) . This differences can be associated to changes in somatic growth between females and males. In addition, it was observed that, in this study for the first time otolith biometrics data from the Cyprinid fish, may be different both the male and female and pair of left and right otolith of the same fish. RESUMEN: Se examinó la morfología de los otolitos, su biometría y la relación entre el tamaño de ellos y la longitud de los peces. Se registró el peso, longitud, grosor, área y perímetro para cada par de otolitos. Se calcularon y se identificaron en los gráficos los valores de factor de forma, redondez, relación de aspecto, circularidad, rectangularidad, elipticidad y las relaciones entre la longitud del otolito y los índices de la forma. De acuerdo con los resultados, la diferencia entre otolitos derechos e izquierdos fue estadísticamente significativo (P<0,05), excepto la longitud del otolito. Esta es la primera vez que se observa la diferencia de las variables de otolitos, no sólo ente los pares de derecha e izquierda, sino también entre peces hembras y machos. Mientras que el peso de los otolitos tuvo el menor coeficiente de determinación (R 2 ), tales como 0,69; 0,59; 0,65, la longitud de los otolitos presentó un R 2 más alto: 0,80; 0,81; 0.80, para hembras, machos y todas las muestras, respectivamente. Además, las imágenes de miscroscopía electrónica de barrido son las primeras en mostrar los otolitos de B. tauricus para determinar la morfología de éstos.
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